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水体污染负荷比重分别达到 39.65%和 40.18%； 
4）论文利用建立的模型得到三沙湾营养盐削减最优方案。结果显示，总排






























Environmental quality degeneration and habitat destruction resulted from over 
discharge of pollutants are important challenges for gulfs around the world, among 
which the nutrients such as nitrogen and phosphorus are the most important 
pollutants. Nutrient reduction especially by means of coastal wetland restoration not 
only can alleviate eutrophication and improve the water quality, but also can 
improve the coastal habitats’ quality. Nutrient reduction needs large amount of 
investment because of the diversity and complexity of the nutrients’ source. It’s 
urgent to find a minimum cost solution of nutrients reduction facing the growing 
need of environmental programme and constrient of public financial budget. The 
impact of nutrient reduction by different measures implemented in different regions 
are different on the load to the recipient (receiving water) due to the fact that the 
impact nutrients have on a recipient does not only depend on the level of emissions 
but also on the buffering characteristics of the watershed in which they originate. At 
the same time, the abatement cost of different measures implemented in different 
regions. This provided an opportunity for researchers to find the optimal nutrient 
reduction solutions. This dissertation studied the least-cost nutrients reduction 
solutions in enclosed bay employing comprehensively the theories and methods of 
environmental economics, environmental science, ecology, geographical 
information systems, and nonlinear programming model. The research results can 
provide scientific and technological support for the development of strategy for 
improving environmental quality and restoring habitat. The main results achieved in 
this dissertation are as followings:  
1) Given the close connectivity between the marine ecosystem and the terrestrial 
ecosystem, and the strong influence of land-based human activities on the marine 
environment and ecosystem, this dissertation proposed the idea of integrated land 
and sea based nutrients reduction, developing the nutrient reduction plan at the 















2) Based on the nutrients’ migration and transformation in the watershed-gulf 
and abatement cost functions of different measures, this dissertation established a 
least-cost nutrients reduction simulation model in the small-middle scale 
watersheds-gulf employing the equimarginal principle, which refers to an optimal 
mix of measures and an optimal localisation of the measures, so that a specified goal 
for reductions of loads to one or more target waterbody (TWB) is obtained to the 
least total abatement cost. 
3) The paper traced the nutrient emmission in Sansha Bay. The results showed 
that total nitrogen emissions in Sansha Bay watershed reached 21, 932 tons per year, 
of which land-based emissions account for 72.64% emissions, contributing 63.45% 
of nutrient load to the Sansha Bay. The largest emission source is seawater 
aquaculture which account for 27.36% of total emission. By reigons, Fu'an City is a 
largest emission region and the largest contributor of nutrient load of target water, 
whose proportion of emissions and load reached 39.65% and 40.18% respectively. 
4) This dissertation found the optimal nutrients reduction solutions in Sansha 
Bay used the established model. The results showed that the 28.57% reduction of the 
total nutrients emission (6265.59 tons), can achievee the 30% load reduction target 
in the studied area. The total abatement cost is 160 million per year. By abatement 
measures, the four major measures, arereduction of fertilizers, aquaculture and 
livestock, construction of wetland. From the pespective of regions, Fu’an city 
undertakes the largest reduction, which accounts for 40.40% of the total reduction. 
The second one is Jiaocheng, which accounts for 35.58%. Proportion of reduction 
cost is different with proportion of reduction quantity because the optimal reduction 
measures are different. The cost proportion in Xiapu is the highest due to the 
reduction measures are reducing aquaculture and increasing mangrove with the 
high-cost, while its reduction proportion is the lowest. Meanwhile, the reduction 
measure of Fu’an city is reduction of fertilizers and livestock with the low-cost, so 
Fu’an’s reduction proportion is the highest, and the cost proportion is the lowest.  
This dissertation has its significant value because it can provide scientific basis 















planning in Sansha Bay Watershed; on the other hand, the dissertation’s theory and 
model can serve as a reference for making least-cost nutrients reduction planning in 
other small-middle scale watersheds. 
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